Introduction
Skeletal distal and mesial bite are irregularities in sagittal direction. During treatment of these malocclusions we want to achieve correct occlusion and morphology, right implementation of all orofacial functions and good facial aesthetics. If we start with orthodontic treatment in early mixed dentition we can expect good and stabile therapeutic results and we can prevent later developmental problems. This way, we avoid treatment with fixed appliances in permanent dentition and orthognatic surgery after the end of growth. It is important given the fact that orthodontic treatment is very expensive.
Etiology of skeletal distal and mesial bite are heredity and some exogenous etiologic factors. These malocclusions are inherited polygenically. Skeletal distal bite is often present among the members of the same family and among twins. Other general etiological factors are Pierre Robin syndrome, syndrome of hemifacial microsomia and endocrine disorders. Local etiological factors, are, mostly, bad habits, in the age after the third year of life. The most important bad habit is thumb sucking, which causes protrusion of the upper and retrusion of the lower incisors and increasing of overjet. Skelatal distal bite is one of symptoms in CMD, as a result of ankylosis and trauma of TMJ. Dodic [1] found that 79.9% patients with skeletal class II has positive index of CMD. Etiology of skeletal mesial bite are heredity, some specific factors, functional effects, trauma and environmental factors [2] . Previously it was thought that this malocclusion was inherited as an autosomal dominant trait. Accordingly there is the existence of the so-called Habsburgs mandible. Many members of the Habsburg monarchy had a typical large lower jaw and skeletal mesial bite [3] . If in a family exists severe skeletal Class III in 33% of their children will appear Class III and in 17% of their siblings. Some scientific studies find that there is a gene which is related to mandibular prognathism. There is different expressivity of genes in specific types of progeny. Different genetic locus are responsible for the definitive form of the lower jaw. Other local etiologic factors are enlarged tonsils, breathing through the mouth and early extraction of deciduous molars. Patients with cleft lip and palate and some syndromes (Apert, Crouzon) often have mesial bite due to insufficient growth of the upper jaw.
Skeletal distal bite is most common in white population (38%), two times more frequent than in members of black race(20%), while frequency of this malloclusion in yellow race is 10-15%. The frequency of skeletal distal bite decreases with age, from 25-30% in mixed dentition, 20-25% in early permanent dentition to 15-20% in adult population [4] . Mesial bite commonly occurs among members of the yellow race with a frequency of 4% to 14% because they have underdeveloped nasomaxillary complex and deficient growth of the upper jaw. In the black population frequency of mesial bite is between 5% and 8%, while in the white population frequency of this malocclusion is from 1% to 4%. Frequency of malocclusion increases during the time. Skeletal mesial bite occurs in 23% in deciduous dentition, 30% in mixed dentition and 34% in permanent dentition.
Aim
The aim of this investigation was to compare clinical effects of different mobile orthodontic appliances (active and functional) in early treatment of skeletal distal (Class II division 1) and mesial (pseudo Class III) bite.
Material and method
In this study 60 patients were included with skeletal distal bite caused by mandibular retrognatism. All patients with this malocclusion had increasing value of angle ANB (>4°), due to the decrease of angle SNB (<80°). Main clinical characteristics of skeletal distal bite caused by mandibular retrognatism are: convexity of facial profile with distal position of the lower lip and chin and protrusion of the upper lip, distal relationship of dental arch and jaw bases, protrusion of the upper incisors and retrusion of the lower incisors with increasing value of overjet, inserting of the lower lip between upper and lower incisors, passing of the upper and lower incisors during eruption and their supraposition, traumatic deep bite, short mandibular corpus and lower dental arch, narrow and elongated upper dental arch, expressed mentolabial and nasolabial sulcus, shortened lower third of face and retroinclination of the lower jaw. Clinical effects were analysed on 60 patients with skeletal distal bite, without earlier orthodontic treatment. Patients were divided in three groups, with 20 patients in each. First group was treated with FR-I, second with bionator by Balters type I and the third group with Hotz mobile appliance. Effects were determined on study casts and lateral cephalometrics before and after treatment, and during functional clinical examinations and analysis of facial aesthetics.
Also, in this study were included 40 patients with skeletal Class III caused by maxillary retrognatism. They have typical changes in facial aesthetic and profile. All patients had decreasing value of angle ANB (<2°), due do decrease of angle SNA (<82°). Main clinical characteristics of pseudo Class III (caused by maxillary retrognatism) are: concavity of the facial profile with distal position of the upper lip and correct position of the lower lip and chin, mesial relationship of dental arches and jaw bases, normoinclination of upper and lower incisors, narrow and short upper dental arch, reverse overjet, lateral cross bite, underdeveloped nasomaxillary complex, crowding in upper dental arch, anteinclination of the upper jaw and changes in vertical direction. In this group of patients, also, study casts and profile teleradiograms have been analysed before and after orthodontic treatment.
Growth modification is possible if we start with orthodontic treatment early enough, before pubertal growth acceleration. Ideal period for growth modification is early mixed dentition. In this period we can affect the size and position of upper and lower jaw and their relationship. In girls treatment should be initiated at an earlier age than in boys, approximately two years. In girls ''juvenile acceleration'' starts 1-2 years before pubertal growth acceleration. Overall growth is affected by age, constitution, seasonal and cultural factors. Before orthodontic treatment it is necessary to determine skeletal maturity of our patients [5] . Treatment with growth modification is possible when patient is in one of three first stage of skeletal maturation (Fig. 1) . When we make decisions about growth modification treatment we need to know the degree of discrepancy between viscerocranium and neurocranium, age and sex of the patient, external and internal motivation, which appliances we want to use, at what stage of skeletal maturation is patient and how much growth left to the end of maturity [6, 7] .
Treatment of skeletal distal bite
In modern orthodontics treatment of skeletal distal bite can be performed using many dental worn functional appliances, such as activator, bionator by Balters, twin block, Herbst appliance, Hotz appliance and vestibular plate. These appliances rest on teeth and they stimulate growth of the lower jaw due to changes in activity of orofacial muscles. To Balters opinion distrurbed function, size and tone of tongue are the main cause of all malocclusions. Bionator was designed and used in orthodontic practice by Balters in Germany (1950.). Bionator by Balters type I or the standard form is used in treatment of skeletal distal bite. This appliance is known in literature as reduced activator with interoclusal acrylic.
Components of this appliance are palatal arch directed pharyngeal, vestibular arch above upper incisors and buccal loops in the area of canines (Fig 2. a.,2.b.,2.c.). Construction bite is determined and taken in incisal relationship of incisors without activation in vertical direction. Skeletal effects are increasing of mandibular corpus and ramus, anterior displacement of the lower jaw, increasing value of angle SNB and decreasing value of angle ANB [8, 9, 10 ].
Hotz appliance is modified active mobile orthodontic appliance. This appliance in orthodontic practice was introduced by Hotz (1966.) in Germany. Appliance has angular frontal bite plane (Fig.3. ). This appliance causes growth modification and anterior growth of the lower jaw in patients with forward facial rotation. It is necessary that inclined frontal bite plane has sufficient length for anterior movement and sliding of the lower jaw [11] . Skeletal effects are stimulation of saggital growth of the lower jaw and anterior displacement. Dental effects are retrusion of the upper and protrusion of the lower incisors and extrusion of the posterior teeth [12] . 
Fränkel appliance type I (FR-I)
Fränkel functional regulator (FR) is only mounted functional appliance which can effectively correct morphological (skeletal and dental) and functional irregularities. It works by pressure application at skeletal and dental structures, elimination of the pressure surrounding perioral musculature and causing tensile stress in the area of mucosal fornix, where exist bone apposition. Construction of this appliance was suggested by Rölf Fränkel in Germany (1966.) [13] . During time the position of the lower jaw permanently changed without affecting the position of the teeth. The essential changes are tissue changes at the articular zone of growth. This appliance significantly changed muscles activity and whole physiological state of orofacial complex. There are early and late treatment of skeletal distal bite using FR-I. Early treatment begins in the age of 7-8 years, in early mixed dentition, after eruption of first permanent molars and incisors. Late treatmen starts in the age of 12 years (average) after eruption of canines and premolars [14] . Whole treatment contains active and retention period. Active period lasts an average of 18 to 24 months. During this period patient wears appliance continuously during the day, except during meals. Retention period lasts, also, 24 months. During this period patient wears appliance only at night. After 6 months of treatment sagittal relationship was corrected for half a molar width. (Fig. 4a.,b. ,c.). For construction and making of this appliance is necessary construction bite in incisal relation of incisors without activation in vertical direction (Fig.5.) . FR-Ib besides these elements includes linqual shield with linqual arch and additional arch for protrusion of the lower incisors. For FR-Ic we determine and take construction bite in relation of Class I on posterior teeth. This appliance has screw for compensatory anterior movement of the lower jaw. Construction and design of this appliance is very gentle, so patients should be very careful during manipulation with it [15] . 
Treatment of skeletal Class III
Skeletal Class III can be treated by many different dental worn functional appliances. Representatives of this group of appliances are activator, bionator by Balters type III, orthopedic bionator, chin cup, Y appliance, appliance with Bertoni screw and facial mask. The only representative of tissue worn appliances is FR-III. In older age surgical treatment is indicated in combination with fixed appliances [16] .
Clinical effects were determined on 40 patients with skeletal Class III caused by maxillary retrognatism (angle SNA<82°, angle ANB<2°). None of the patients have previously had an orthodontic treatment, all of them were in period of early mixed dentition, after eruption of first permanent molars. These patients were divided in two groups, with 20 patients in each.
Patients in the first group were treated by FR-III, while patients in the second group were treated by Y appliance. Clinical effects were analyzed on study casts, lateral cephalometric and facial aesthetic before and after treatment. Separately were analyzed and interpreted parameters of position and development of the upper and lower jaw, parameters of intermaxillary relations, parameters of the facial growth, the cranial base parameters, parameters of the position of the incisors, parameters of TMJ, soft tissue profile parameters, parameters of skeletal and dental changes during the treatment and methods of investigation of orofacial functions.
Y appliance is active, mobile orthodontic appliance. This appliance has acrylic plate cut to shape letter Y with two screws in the area of canine (Fig.6 .). Patients turn both screws in the same time, that way the appliance causes protrusion of the upper incisors. Y appliance is useful in patients with pseudo Class III [12] . With this appliance we correct reverse overjet and eliminate premature contact with stabile treatment result. Ideal time for treatment is period of mixed dentition. Patients turn screws once in 7 days, with biological movement less than 1mm during one month. During retention period patient wear appliance only during the night, without turning the screws. 
Fränkel appliance type III -(FR-III)
Fränkel functional regulator (FR) is passive, mobile functional appliance. At the same time it is the only tissue worn functional appliance. With FR we can correct both occlusal (dental and skeletal) and functional irregularities. Three main mechanisms of action of this device are: aplication of pressure, elimination of pressure and application of pulling force. Rölf Fränkel presented this appliance to orthodontic public in Germany in 1966. Application of pressure prevents excessive growth of the lower jaw in sagittal direction. Elimination of pressure separates the soft tissues of the lips and cheeks and prevents their contact with dentoalveolar structures. FR-III contributes to the proper formation of dentoalveolar structures of the upper and lower jaw. Application of pulling force increases the activity of osteoblasts in the periost, that way appliance contributes to the creation of new bone tissue in the upper jaw [17] . Acrylic pelotas are located in the upper vestibule and stimulate the sagittal growth of the upper jaw. FR-III causes tissue changes in the articular zone of growth. During wearing of appliance there is a continual activation of the muscles of the orofacial region to change their tone and activity.
Optimal time for treatment with this appliance is early mixed dentition, immediately after eruption of all upper permanent molars, at an age of about seven years of age. The best therapeutic results are expected in patients with reverse overjet (4-5mm). The whole therapeutic procedure contains active and retention phase. Active phase lasts 24 to 30 months. During this active period, patients wear FR-III continuosly during the day and night, except during meals. Retention phase lasts about 24 months. During retention period, patients wear appliance only at night. This phase is important to preserve the stabile therapeutic results. From this we can conclude that the total duration of therapy is quite long. Patients can easily get used to this appliance, it is comfortable to use, they are motivated for treatment and we expect full cooperation with them and their parents. In treatment of skeletal Class III we use Fränkel functional regulator type III (FR-III). There are two different types, type FR-IIIa and type FR-IIIb. Type FR-IIIa is indicated in early mixed dentition in patients with pseudo mesial byte and deep reverse overjet. Type FR-IIIb is indicated in early mixed dentition in patients with pseudo mesial byte, but without deep reverse overjet. Contraindications for treatment with FR-III are: late age of patients, skeletal Class III caused by mandibular prognatism, severe teeth rotation and malpositions and coronary crowding. FR-IIIa consists of: two lateral vestibular acrylic shields, pelotas for upper lip, lower labial arch, bilatteral posterior acrylic plate on teeth, wire anchorage on the lower first permanent molars, palatal arch with protrusion arch in the upper jaw and wire elements between pelotas and shileds ( Fig. 7a .,b.,c.). FRIIIb has simillar construction. The only difference is that FR-III does not have bilatteral posterior acrylic plate on teeth, because it is indicated in cases without deep reverse overjet, and in this situation desarticulation is not necessary. Construction and design of this appliance are very delicate. That is why patients must be very careful and patient during wearing and manipulation with FR-III. Тhe most important phase in the development of this device is taking an accurate construction bite. Construction bite determines the position of the lower jaw in all directions. For this appliance construction bite is taken in maximal retrusion of the lower jaw, with proper midline alignment of the upper and lower jaw. The ideal would be to provide edge to edge contacts between upper and lower incisors in sagittal direction. Activation in vertical direction depends of depth of reverse overjet. In cases with deep reverse overjet, construction bite is taken with vertical activation of 2-4mm above the physiologic rest position. If patients do not have deep reverse overjet, construction bite is taken without activation in vertical direction, at physiologic rest position. Design of appliance enables correct teeth eruption with elimination of irregular muscle activity. It is said that appliance causes oral gymnastics. Pelotas stimulate growth of the upper jaw and cause increase of the width of apical base. Pelotas have triple effect: elimination of the pressure of the upper lip to the sagittal underdeveloped upper jaw, creating tensile stress in the vestibule and stimulate osteoblasts activity at the level of the periost and directing the force of the upper lip to the lower jaw over the lower vestibular arch, thus resulting in retrusion Acrylic lateral shields are in contact with lower teeth and apical base, while settle 3mm of dentoalveolar structures of the upper jaw. Appliance then stimulates both, transversal and sagittal growth of underdevolped maxilla.
Fränkel suggests that functional disorder is result of malocclusion, and rarely is the primary cause of the irregularities. Appliance stimulates proper orofacial functions and achieves a balance between the muscles of tongue and buccal muscles. It eliminates the disturbed functions due to activation and adaptation of muscles. It is important to wear the appliance during the day because it achieves a constant muscle activity, while the activity is significantly reduced during the night. It is necessary to examine the relationship between form and function if we want a successful therapeutic result. FR-III regulates the function of swallowing due to buccal shields. These shields eliminate the pressure of buccal muscles and allow extension of dentoalveolar structures by changing the position and functions of tongue during swallowing. This provides a transition from infantile to mature swallowing. In some patients function of tongue is changed due to adaptation to the existing malocclusion, while in other groups of patients that is the primary cause of malocclusion. FR-III significantly increases anterior and posterior width in the upper and lower jaw and length of the upper dental arch. Appliance decreases buccal inclination of the upper first permanent molar. With FR-III dental arch can expand for 6mm and alveolar base for 5mm. Palatal arch allows expansion of lateral shields, gives support to appliance and contributes to transverse anchorage of appliance. Palatal arch is 0.5mm from the mucosae. Protrusion arch has function to cause protrusion of the upper frontal teeth. Active arch is in contact with palatal surfaces of upper incisors, close to incisal edge. Therefore, arch causes protrusion of incisors without influencing their vertical eruption. Pelotas have a parallelogram shape with rounded corners. Lower edge of pelotas is located deeply in the vestibule, 2.5-3mm from mucosa and 7-8mm from gingival edge. Upper edge of pelotas is 5mm from marginal gingival edge. The appliance does not rely on the posterior teeth in the upper jaw, because in that case pelotas cause distal movement of upper posterior teeth [13, 14] . Phases in treatment and creating of FR-III are: clinical examination, functional analysis, impressions of upper and lower jaw for study casts, analysis of lateral cephalograms and orthopantomograms, construction bite, preparation of study casts, definite preparation in the laboratory, giving the appliance to the patient and regular check-ups every four to six weeks. Phase of adaptation to FR-III is longer than with the other functional appliances. A common protocol is that patient wears the appliance for 2 hours a day for first two weeks of therapy. Next two weeks the appliance is worn for 4 hours a day. At the next check-up the appliance wearing time extends to 6 hours a day in combination with speech exercise. After the third control check-up, it is recommended to wear the appliance at all times for 24 hours, except during meals. After three months of properly wearing of appliance changes in sagittal, vertical and transversal direction are observed. Generally, after six months of treatment, skeletal Class III is corrected for half a premolar width. If there is lateral open bite it is a sign of good cooperation of the patient, because the changes in the vertical plane are more slowly than in the transversal and vertical direction, and eruption of the lower posterior teeth happens later. Hotz appliance). Skeletal effect was greater in the younger age. After that age, in permanent dentition, dental effects were dominant. FR-I changed function and activity of orofacial muscles and caused their transformation [22] .When appliance is in the mouth vestibular pelotas provide anterior movement of the lower jaw. "U" loop prevents distal movement of the lower jaw in initial position. It is necessary to provide at the same time growth stimulation of the lower jaw and adaptation of soft tissues. This is the only way therapeutic result can be stabile and long-term. It is suggested to provide neutroocclusion through several phases, with gradually mesial movement of the lower jaw, using construction bite.
FR-I decreased basal angle, while bionator by Balters type I and Hotz appliance (p=0.044) increased value of this angle. These appliances are contraindicated in patients with backward facial rotation, because the use of this appliance would result in opening of the bite and divergent growth of jaw bases [23] . All used appliances increased vertical inclination of the upper jaw to the occlusal plane, without statistical significance. FR-I indicated anteinclination of the lower jaw to the occlusal plane, while Hotz appliance and bionator by Balters type I caused retroinclination of the lower jaw. Hotz appliance caused extrusion of posterior teeth, which reduced overbite and contributed to the opening of the bite. These changes are consequence of movement of fossa glenoidalis during growth.
All used appliances increased values of angles NSAr and ArGoMe, while FR-I and Hotz appliance increased value of angle SArGo, but bionator by Balters type I decreased value of this angle. Sum of angles of Björk polygon were increased, most evident when using FR-I, from 393.55° to 395.70°. Mostly, patients in this sample had forward rotation before beginning of the orthodontic treatment. It was good prognostic sign for patients with skeletal Class II, while vertical growth was not significant in cases with mandibular retrognathism. If we start with orthodontic treatment early enough (in early mixed dentition) we can change type of facial growth [24, 25] . FR-I and bionator by Balters mostly didn't change type of facial growth, while Hotz appliance caused backward rotation and vertical facial growth. During therapeutic procedure anterior and posterior facial height were decreased, partially as a consequence of intensive growth in this age and as a result of used appliances. Simillar changes were registred on both, anterior and posterior facial height, but facial growth in total was not changed during this period. Both methods, Björk and Jarabak, are metric, static and they show type of facial growth in one moment. That's why these methods are not reliable for long-term research.
Changes on the cranial base were analyzed by linear distances N-S (length of anterior cranial base), S-Ba (length of posterior cranial base) and N-Ba (total length of cranial base) and angle of cranial base NSBa. All parameters were increased during orthodontic treatment. Changes in linear distances were not statistically significant during this period. Thereby distance N-Se can be used as a reference plane for superposition of lateral cephalometrics for longitudinal studies. Changes in linear distances were primarily consequence of intensive facial growth in this period, not as a effect of used appliances [26] . Angle NSBa was increased during treatment with FR-I and Hotz appliance, while bionator by Balters type I caused decreasing value of angle NSBa. Size, form and structure of cranial base are under genetic control, with some specific characteristics of race and gender. Bones of cranial base are primarily in cartilage. After that enhondral ossification and bone formation begins. Whole cranial base was elongated due to the growth of synhondrosis. We cannot affect the cranial base the same way as the facial bones. Between bones of cranial base are immobile joints, so the whole cranial base appears as one long bone. When we plan orthodontic treatment we can not expect severe changes in morphology and size of cranial base. Present changes were result of intensive displacement and bone remodelation and growth on synhondrosis.
Inclination of upper incisors was changed during orthodontic treatment, angle I/SpP was increased in whole sample. All used appliances caused retrusion of upper incisors, the most visible during treatment with bionator by Balters type I (angle I/SpP was changed from 69.35°t o 71.15°). Retrusion of upper incisors is one of the most important dental effects during orthodontic treatment with these appliances. In the beginnig of treatment lower incisors were, mostly retruded or had normoinclination. Position of lower incisors is important information when planning orthodontic treatment. Correct relation between lower incisors and bone jaw base is necessary for stabile therapeutic result [27, 28] . During orthodontic treatment all appliances caused protrusion of lower incisors with decreasing values of angle i/MP. FR-I caused change of this angle from 89.75° to 88.30°, Hotz appliance from 89.75° to 87.00°, with statistical significance p<0.001, while bionator by Balters type I decreased value of angle i/MP from 89.15° to 89.00°, without statistical significance. Balance between retrusion of the upper and protrusion of the lower incisors provides decreasing of overjet.
During orthodontic treatment changes on TMJ were made in two dimensions, the change in a height of TMJ (vertical direction) and anteroposterior position of TMJ (sagittal direction). TMJ is one of growth zones during this period. "Answer" of TMJ to orthodontic treatment is one of the most important facts for final therapeutic result. During orthodontic tretmant the height of TMJ was decreased, without statistical significance. Sagittal position of TMJ was analyzed by distance S-E. This distance was increased during orthodontic treatment, statistically significant during treatment with FR-I (from 22mm to 23mm) and bionator by Balters type I (p=0.042). These changes are consequence of used functional appliances and their effects to upper and lower jaw [29, 30] .
Harmonious facial aesthetics means a balance between skeletal and dentoalveolar structures from one side and structures of soft tissue profile, from the other side. Patients with Class II divison 1 often have disturbed orofacial functions, especially swallowing and speech. These patients have infantile swallowing with tongue insertion between upper and lower frontal teeth. FR-I has the greatest impact on correction of orofacial functions [35] . This appliance provides the transition from infantile to mature swallowing. Design of FR-I prevents insertion of lower lip and tongue between upper and lower incisors. It creates conditions for correct articulation of interdental consonants. FR-I causes continuous muscle activation and changes in tone and muscle activity [36, 37, 38 ].
Pancherz's analysis defines skeletal and dentoalveolar changes during orthodontic treatment.
Measurements have been done in the area of upper and lower first permanent molars and incisors and skeletal points pg and ss [39, 40] . FR-I changed molar relation for 1.45mm, Hotz appliance for 2.12mm and bionator by Balters type I 1.15mm. Relation between incisors was changed for 2.05mm when using FR-I, 1.85mm with Hotz appliance and 1.40mm with bionator by Balters type I. Skeletal correction was the most evident when using FR-I 3.35mm, bionator by Balters type I changed it for 2.80mm and Hotz appliance for 2.40mm. . FR-III, also, caused, an increase in the angle J, but to a much lesser extent, from 83.10° to 83.35°. In the whole sample there was a significant increase in the value of the upper jaw length corpus, with FR-III from 43.24mm to 46.15mm and with Y appliance from 46.87mm to 48.35mm. Increasing of maxillary corpus length is a result of simultaneously intensive growth and effect of orthodontic appliance [41, 42, 43] . Position, development and dimension of the lower jaw vere analyzed by angles SNB (angle of mandibular prognatism), SN/MP (angle of vertical position of the lower jaw to the anterior cranial base) and SNPg (sagittal position of chin to the anterior cranial base) and linear parameters: length of mandibular corpus, total length of the lower jaw, height and width of mandibular ramus. Changes in the lower jaw are low, which is in accordance with the design of the appliances, and design of the appliances, and mainly the upper jaw. FR-III increased value of angle SNB from 78.55° to 78.60°, while Y appliance increased this angle from 79.00° to 79.45°. Both appliances caused retroinclination of the lower jaw and increasing of angle SN/SpP. FR-III caused changes of SN/MP angle from 35.40° to 36.65° and Y appliance from 36.85°to 38.90°. Angle SNPg was increased during the treatment, in correlation with increasing of SNB angle. Y appliance caused major changes from 79.45° to 80.05°, while FR-III increased this angle from 78.80° to 79.30°. Appliances caused retroinclination of the lower jaw to the anterior cranial base and inhibiting the growth of the lower jaw. All linear parameters were increased, mostly as a result of facial growth. Length of mandibular corpus was increased from 68.85mm to 70.00mm using FR-III, while Y appliance caused change from 73.55mm to 74.75mm. Total length of the upper jaw was increased with FR-III from 104.05mm to 105.60mm and with Y appliance from 118.10mm to 118.55mm. FR-III increased height of mandibular ramus from 52.77mm to 53.70mm, while Y appliance changed this parameter from 54.15mm to 54.95mm. Both appliances increased width of the mandibular ramus, FR-III from 11.55mm to 12.55mm and Y appliance from 11.15mm to 12.10mm. All effects of appliances resulted in anterior movement of the upper jaw and stimulation of maxillary sagittal and transversal growth [44, 45, 46, 47] .
Review of clinical effects using FR-III
Relationship between upper and lower jaw was determined by values of angles ANB (sagittal interjaw angle, skeletal Class), B or SpP/MP (basal angle -vertical interjaw angle), SpP/OcCP (vertical postion of the upper jaw to occlusal plane) and MP/OcCP (vertical position of the lower jaw to occlusal plane). Both appliances caused significant increasing value of ANB angle. It allows correction of skeletal Class III to skeletal Class I. FR-III changed angle ANB from-1.90°t o 1.25°, while Y appliance changed this angle from-2.40° to-1.55°, with statistical significance on the level p=0.001*. FR-III primarily affects the skeletal structures due to pelotas which stimulate the growth of the upper jaw, increasing its length and raise the value of ANB angle. Increasing value of ANB angle is a consequence of increasing the value of the angle SNA. Mobile, active appliances mostly affect dentoalveolar structures and skeletal changes are minimal. During the treatment, both appliances increased value of basal angle (B). It can contribute to opening bite. FR-III increased value of angle B from 25.20° to 26.30° and Y appliance changed angle B from 25.05° to 26.15°. Angle SpP/MP was increased during treatment, with FR-III from 10.30° to 11.45° and with Y appliance from 10.40° to 11.55°. At the same time value of angle MP/OcCp was decreased, without statistical significance, with FR-III from 14.90° to 14.85° and with Y appliance from 14.65° to 14.60°. Changes in basal angle were mostly result of increasing angle between upper jaw and occlusal plane [48, 49] . Appliances are contraindicated in patients with backward facial rotation, because their use can contribute to the bite opening and divergent growth of the bases of upper and lower jaw. [57, 58, 59] . During the period of puberty growth, changes on soft tissues are much more pronounced than on skeletal structures. Upper and lower lip and other soft tissues move down a function of time. It is important to choose the best possible treatment procedure if we want to achieve a good relationship between soft tissue and bone structures. It is important to analyse value of nasolabial angle. In patients with decreased nasolabial angle orthodontic treatment has to achieve posterior movement of the upper jaw. In cases with increased value of nasolabial angle, it is necessary to move nasomaxillary complex forward during orthodontic treatment. Orthodontic treatment caused decrease of profile concavity, increasing of height and thickness of the upper lip and anterior movement of the upper lip to the aesthetic line [60] .
Patients with skeletal Class III often have infantile swalowing with anterior tongue position and oral respiration. Speech is orofacial function which last develops during individual maturation. Patients with skeletal Class III have reverse overjet. That is why articulation of interdental and labial consonants is incorrect. FR-III equally successfully corrects morpholog-ical and functional differences and contributes the correct performance of orofacial functions. FR-III significantly affects the function of swallowing and contributes to the transition from infantile to mature swallowing. In this sample (treated with FR-III) before treatment 12 patients had infantile swallowing, while 8 patients had mature swallowing. After orthodontic treatment with FR-III 13 patients had mature swallowing, while 7 had infantile swallowing. Design of FR-III prevents tongue insertion between upper and lower incisors. FR-III change activity and tongue position and it contributes changes in the function of swallowing [61] . Y appliance did not have influence on changing of swallowing function. FR-III improves articulation of interdental cionsonants, due to activity of lip muscles and changing of upper incisors inclination. Before orthodontic treatment 8 patients had correct speech and 12 patients had incorrect speech. After orthodontic treatment with FR-III 14 patients had correct speech, while 6 patients had incorrect speech. FR-III changes activity of muscles and eliminates incorrect relation between upper and lower lip.
Pancherz´s analysis explained changes on dental and skeletal structures. FR-III corrected molar relation for 3.25mm and Y appliance for 2.35mm. Relations between incisors were changed for 2.40mm when using FR-III and for 2.10mm when using Y appliance. Skeletal correction was more effective when using FR-III, for 3.30mm, while Y appliance caused skeletal correction for 1.40mm. FR-III caused skeletal correction according to stimulating of osteoblasts in periost and intensive sagittal growth of the upper jaw [62, 63, 64] . Mobile appliance caused primarily dental correction, while skeletal changes were irrelevant. Dental effects were manifested as correction of reverse overjet due to protrusion of the upper and retrusion of the lower frontal teeth.
Conclusion
FR-I is the most effective functional appliance in early treatment of skeletal distal bite. This appliance corrects occlusal morphology, orofacial functions and facial aesthetics. Main skeletal effects of FR-I are:
• anterior displacement and stimulation of sagittal growth of the lower jaw
• suppression of the sagittal growth of the upper jaw
• significantly increasing of length of mandibular corpus and ramus
• decreasing value of ANB angle and correction of skeletal Class II to Class I
• decreasing of vertical interjaw angle
• elimination of the pressure, application of pressure, application of pulling force and continuous activation of orofacial muscles
• increasing of sum of angles of Björk polygon and moderate backward rotation
The main dental effects of FR-I are:
• retrusion of the upper incisors This appliance is very comfortable for wearing, does not affect the function of speech, patients are motivated to cooperate. Treatment is very efficient, therapeutic results are stabile and tendency to relapse is minimal. That's why FR-I is the most appropriate appliance for successful early treatment of Class II divison 1 malocclusion.
Also, FR-III is one of the best choice for early orthodontic treatment of skeletal Class III caused by maxillary retrognatism. This functional appliance affects occlusal morphology, orofacial functions and facial aesthetics. In all segments FR-III is much more efficient in comparing with Y mobile appliance. Effects of this appliance are the result of stimulating of sagittal and transversal growth of the upper jaw, inhibition of growth of the lower jaw, elimination of the pressure, aplication of the pressure, tensile stress force and continuous activation of orofacial muscles. Pseudo Class III is severe skeletal problem which is transferred from the deciduous dentition to mixed and permanent dentition. If we use FR-III in early mixed dentition we avoid the use of other functional appliances during puberty growth. First therapeutic results appear after 3 to 6 months from the beginning of treatment, results are stabile, without signs of relapse, with correct protocol of wearing. The main disadvantages of this appliance are complicated preparation in dental laboratory, gracile structure, inability to repair appliance and a long duration of orthodontic therapy. The main advantages of this appliance are the possibilities of application at an early age, correction of functional and occlusal irregularities at the same time, the patient's motivation, good cooperation and comfort.
The main skeletal effects of FR-III are:
• stimulation of sagittal growth of the upper jaw
• increasing of vertical angle between upper jaw and anterior cranial base
• significant increase of length of maxilarry corpus
• inhibition of sagittal growth of the lower jaw
• increasing of vertical angle between lower jaw and anterior cranial base
• increasing value of ANB angle and correction skeletal Class III to Class I
• increasing of basal angle (B)
The main dental effects of FR-III are:
• protrusion of the upper incisors
• retrusion of the lower incisors Dental effects allow correction of reverse overjet and achieve proper overjet and correction of molar relations.
FR-III significantly alters the activity of orofacial muscles and affects the correction of swallowing and speech functions. Treatment with FR-III contributes to achieving better facial aesthetics and establishing harmony between the soft and hard tissues of the craniofacial complex.
